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Abstract 
 
 
This industrial project is undertaken with the Customer Engineering Department of 
ADVANTEST (Singapore) Private Limited.  
 
The objective of this project is to design a circuit to detect the water level in the water 
tank of the External Chiller and a check sheet to detect water leakage in the cooling 
system. 
 
There are 3 phases to design this project 
1) Determine the water evaporation and usage rate in the cooling system and analyze the 
information to determine the time taken to completely dry up the water tank; 
2) Design a water level detection circuit to sound an alarm when the water level is low; 
3) Produce a check sheet to aid in the early detection of water leakage in the cooling 
system. 
 
With the use of the water level detection circuit, time taken to monitor the water level in 
the water tank can be reduced to zero. Combine with the use of the check sheet, Test 
System trip caused by water leakage in the cooling system can be eliminated. Hence, no 
unscheduled downtime for the Test System will occur.  
 
Design considerations that include safety, risk assessment and economic material 
selection are discussed in this report. 
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Chapter 1: Introduction  
 
The rationale for this research is that by improving the process of monitoring the water 
level in the External Chiller, the Test System’s downtime and maintenance cost can be 
reduced. To achieve the objectives, a Water Level Detection Circuit and a “Water Tank 
Top Up” procedure are introduced. This report focuses on the development of the Water 
Level Detection Circuit used to detect water level in the Water Tank of the External 
Chiller. 
 
 
1.1 A Brief Introduction to Advantest Business 
 
This project is sponsored by Advantest (Singapore) Private Limited, an oversea 
subsidiary of Advantest Corporation. Advantest is listed in Tokyo Stock Exchange and 
New York Stock Exchange. It is a world leader in field of test and measurement 
equipment, offering cutting edge product and services vital to the advancement of 
electronics, telecommunications and semiconductor industries.  
 
Advantest’s businesses can be classified into the following 5 categories: 
 
(1) Automated Test Equipment (ATE) 
ATE, also known as semiconductor test systems, help turn advanced semiconductor 
device into reality by ensuring that they perform according to specification. The 
semiconductor devices tested are used in consumer products such as mobile phone, 
computers, memory stick, etc. 
 
(2) Factory Automation 
Advantest’s test handlers rapidly load and unload semiconductors into the test system, 
helping to maximize testing throughput. 
1.1 
 (3) Device Interfaces 
Customized mechanical devices that are necessary for interfacing the semiconductor 
being tested with test system. 
 
(4) Nanotechnology 
Advantest is developing ways to use electron beam lithography to address the advent 
of nanometer chips and economic hurdles associated with small-lot manufacturing. 
 
(5) Measuring Instruments 
Advantest’ s measuring instruments are used in the development of a broad range of 
electronics devices and telecommunication technologies. 
 
This project focuses on the Semiconductor Test Systems, which is grouped under 
Automated Test Equipment. 
  
 
1.2 Background of Automated Test Equipment 
 
Advantest Semiconductor Test Systems have both Memory and SOC Testers. Memory 
Tester test the functionality of Memory IC chips such as Dynamic Random Access 
Memory (DRAM) and Double Data Rate Random Access Memory (DDR RAM), used 
largely in computing application; and Flash Memory used in digital cellular phones, 
digital cameras and computers. SOC Tester test the functionality of System on Chip 
(SOC) devices, a	
	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1.2 
Here is an example of Advantest Memory Tester named T5585 Memory Test System as 
shown in figure 1.1. 
 
 
 
 
This memory test system is used for production of DDR RAM devices. It consists of an 
Environmental Workstation (EWS), Main Frame and Test Head.  
 
The Environment Workstation (EWS) is attached to the test system and acts as an 
interface between the user and the test system.  
 
The Main Frame houses the system power supplies, the environment controller, the tester 
controller, and the required hardware components for executing Direct Current (DC) 
parametric tests, dynamic functionality tests, and Alternating Current (AC) parametric 
tests on the memory devices. 
 
The Test Head/s depending on user’ s configuration, consists of Pin Electronics Boards 
(PE), is the interface between the test system and the Device Under Test (DUT). The Test 
Head shown above has a parallelism of 128 DUT, meaning it can test 128 numbers of 
devices per Test Head in one cycle. 
 
Fig 1.1 T5585 Memory Test System 
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1.3 Background of Cooling Unit in Test System 
 
The test system is equipped with Cooling Unit utilizing Flourinert liquid (FC-
3283) to reduce the temperature generated by the various printed circuit board installed in 
the Test Head. The Flourinert liquid is an inert liquid whereby it does not transmit 
electricity or Electric Static Discharge (ESD); therefore it was able to flow through the 
components in the Printed Circuit Board when it is in operation. Very High Speed 
Testing was therefore made possible with the introduction of this cooling system. The 
Flourinert liquid in the Cooling Unit is cooled by cooling water flowing in and out of the 
Cooling Unit. 
 
Figure 1.2 shows the simplified block diagram of the Cooling Unit in the test system. 
 
 
 
 
 
 
The Cooling Unit is intended to supply, circulate, and control the temperature of 
Flourinert liquid to cool the test system. Fluorinert liquid at a temperature of 27°C is fed 
into the test system to cool the Test Head. Heat is transferred from the components of the 
Printed Circuit Board in the Test Head. Warm Flourinert liquid, estimated around 31°C, 
returning from the Test Head, goes back to a Flourinert Tank fully filled with Flourinert 
Fig 1.2 Simplified Block Diagram of the Cooling Unit 
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liquid. The Flourinert Tank is completely sealed to prevent Flourinert liquid from 
escaping in the form of Flourinert vapor. 
 
The Pump pumps the warm Flourinert liquid from the Tank into the heat exchanger 
where it is cooled by the external cooling water to a temperature of 27°C. Then it is fed 
back into the Test Head. The flow rate of the Flourinert liquid is controlled at 45 
liters/min by the Control flow valve. 
 
A temperature sensor located along the Flourinert out piping, detects the temperature of 
Flourinert liquid. The data from the temperature sensor is feedback to the temperature 
controller which controls the Control valve to regulate the flow of the external cooling 
water, enabling temperature control of the Flourinert liquid flowing into the test system. 
The controlled temperature is fixed at 27.0°C±1.0.
 
The followings are some requirements for the external cooling water supplied into the 
Cooling Unit in the test system. 
 
1. External cooling water supply pressure must be between 0.2 to 0.7 MPa with no 
rapid pressure changes. 
2. The minimum differential pressure between the supply pressure and the return 
pressure must be 0.15Mpa or more. (For example, if the external cooling water 
return pressure is 0.1 MPa, then the external cooling water supply pressure must 
be at least 0.25 MPa.) 
3. External cooling water quality must conform to "Water Quality Guidelines for 
Refrigerator and Air Conditioning Equipment" (JRA-GL-02-1994) set down by 
the Japan Refrigeration and Air-conditioning Association. 
4. The temperature of external cooling water must be between 5°C to 22°C.  
(Temperature change must not be greater than 5%/min.) 
5. Maximum flow rate of the external cooling water must not exceed 60 liters/min. 
(Flow change must not be greater than 5%/min.) 
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Figure 1.3 shows the side view of the Cooling Unit.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4 shows the view of the Cooling Unit during replacement process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1.3 Side view of Cooling Unit 
Fig 1.4 Cooling Unit Replacement 
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1.4 Background of External Chiller Unit 
 
The test floor houses a main chiller, an external chiller and three test systems. Figure 1.5 
below shows the current layout of our Chillers and Testers in our Test Floor. Later part of 
this section will describe the relationship between the main chiller, the external chiller 
and the cooling unit in the test systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
Main 
Chiller External 
Chiller 
Flash Tester 
T5377S 
Memory Tester 
T5586 
SOC Tester 
T2000 
Fig 1.6 Two views of the External Chiller 
Fig 1.5 Layout of the Test Floor 
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The Main Chiller is an air cooled chiller; it supplies chilled water with no pressure 
difference to the External Chiller. The External Chiller as shown in Figure 1.6 will supply 
chilled external cooling water to the test system with a pressure difference of 0.7MPa. 
The test system Cooling Unit requirement of external cooling water to have at least a 
pressure of 0.15 MPa can be fulfilled. 
 
 
 
 
 
 
 
 
 
 
The External Chiller operates in the same way as the Cooling Unit in the test system. 
Figure 1.7 shows the simplified block diagram of the External Chiller. The chilled water 
from the Main Chiller will enter into the Heat exchanger of the External Chiller to cool 
down the external cooling water. The chilled cooling water will then be supplied to 
Cooling Unit to cool down the Flourinert liquid.  
 
The warm cooling water will return to the External Chiller. The pump will pump the 
cooling water into the Heat exchanger and then supply to the Cooling Unit.  
The water tank will supply cooling water into the pipelines when there is a decrease of 
cooling water. The water tank on the top of the External Chiller is open air type storing 
the cooling water.  
 
 
 
 
 
Water from 
Main Chiller 
External 
cooling water  
PUMP 
Water 
Tank Heat 
Exchanger 
Fig 1.7 Simplified Block Diagram of the External Chiller 
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Chapter 2: Problem Encountered 
 
This section describes the problems that will be encountered when there is no Water 
Leakage Detection Circuit available. It covers the problem arises when there is water 
leakage. The tedious and time consuming method of monitoring the water level are 
discussed in section 2.2 
 
 
2.1 Water Level Low Warning Alarm 
 
The water tank on the top of the External Chiller is open air type storing the cooling 
water as can be seen in the Figure 2.1. The exterior of the water tank is cover with a black 
insulating tape to eliminate the reflection caused by the shining surface of the water tank. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2.1 Top View of the Water Tank in the External Chiller 
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It is critical to ensure there is sufficient water in the water tank; otherwise a system trip 
will occur. The four consequences for the system trip will be discussed in more details in 
section 2.3.1.The water level in the water tank drops regularly. There are two reasons for 
the water loss; they are water evaporation on the surface to the surrounding environment 
and the decrease of cooling water in the pipelines.   
 
Therefore to prevent the water level from dropping to critical condition, the water level 
needs to be monitored daily by a man. Current practice of monitoring the water level is 
very tedious and time consuming. 
 
 
2.2 Monitoring Water Level 
 
As discussed in the previous section, to prevent the water level from dropping to critical 
condition, manpower is utilized to monitor the water level in the water tank and top up if 
required. Monitoring this water level in the water tank is very tedious and time 
consuming. 
 
 
2.2.1 Tedious Checking Method 
 
To monitor the water level in the water tank requires one man, a foldable three steps 
ladder and a measuring tape. The man has to setup the foldable three step ladder near to 
the water tank and climb up the ladder and check the water level in the water tank. After 
confirming the water level are within the safe range, then the man has to dismantle the 
foldable three step ladder and return the ladder back to the store room about 100 metres 
away from the External Chiller. The water level height above 200 millimeter is 
considered to be the safe range.  
 
2.2 
Figure 2.2 shows a man setting up the foldable three steps ladder, climb up to the top of 
the ladder and measure the water level in the water tank. 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.2 Time Consuming 
 
The process of monitoring the water level in the water tank is very time consuming. 
Figure 2.3 shows the flow chart of the steps in monitoring the water level. 
 
Fig 2.2 Monitoring the water level in the water tank 
2.3 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As seen from the flow chart above, the starting point is from the storeroom. Then collect 
the foldable three steps ladder and walk to the External Chiller which is 100 metres away. 
Setup the ladder beside the External Chiller and climb up the ladder to the top most rung. 
Check the water level in the water tank with a measuring tape. Confirm the water level is 
Fig 2.3 Water Level Monitoring Flow Chart 
Start from 
Store Room 
Carry Ladder 
to External 
Chiller 
Install Ladder 
and Climb up 
Ladder 
Check Water 
Level with 
Measuring Tape 
Check Water 
Level within 
200mm 
Return Ladder 
to 
Store Room 
Top up Water  
until Water Tank 
is Full 
No 
Yes 
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within the safety range, if within the safety range, disassemble the ladder and return the 
ladder back to the store room. 
 
The whole procedure requires a single man to perform and estimated 10 minutes are used 
to perform the procedure. It is a requirement to check the water level each day as the Test 
Systems are running 24 hours production non-stop.  
 
Each day requires 10 minutes to perform the procedure, in a year there are 365 days and a 
total of 3650 minutes are spent to monitor the water level. 
 
 
 
A total of 60.8 hours are spent to monitor the water level.  
 
hours8.6060/3650 =  
 
With respect to Advantest Singapore Pte Ltd. chargeable labor cost of S$160 per hour, 
the cost of monitoring the water level for a year will come out to be S$9728.  
 
9728$160$*8.60 =  
 
As seen from the previous flow chart and above calculations, a total of S$9728 will be 
spent to just monitor the water level in the water tank, this method of monitoring is very 
tedious, time consuming and very expansive. 
 
 
2.3 Water Leakage 
 
This section will touch on the problems encountered when there is a water leakage 
present and no prompt action is taken. Water leakage may occurred in many 
circumstances, for instance, water coupler was not tighten, water pipe burst or leak, or in 
min3650365*10 =
2.5 
worst scenario, water leak into the Flourinert Liquid tank through the Heat Exchanger of 
the Tester Cooling Unit. Water leak into the Flourinert Liquid tank through the Heat 
Exchanger will be discussed in more details in Chapter 6, Section 6.2 Risk Assessment. 
 
When water leakage is present and no prompt action is taken, the water level in the water 
tank will drop until no more water can be supplied into the pipelines. The test system 
cooling unit cannot efficiently cool down the Flourinert Liquid. Warm Flourinert Liquid 
will pass through the heated components on the Printed Circuit Boards in the Test Head. 
The warm Flourinert Liquid cannot efficiently cool down the Printed Circuit Boards. 
When the temperature on the Printed Circuit Boards reaches 40°C or more, the Printed 
Circuit Board will send out a Heat Alarm to the Main Frame Tester Processor to shut 
down the test system. This is known as System Trip. 
 
When system trip occurs, the following problem might surface, 
1. Hard Disk Crashed 
2. Production Data Lost 
3. Test System Board Failure 
4. Production Time Lost 
 
The above problems will be discussed in more details in the next few sections. 
 
 
2.3.1 Hard disk Crashed 
 
When system tripped occurs, the Engineering Work Station will immediately shut down 
without properly shut down the Hard disk. In this scenario, there is a possibility that the 
Hard disk will crashed, as it is not properly shut down.  
 
There are two ways the Hard disk will crashed. Firstly, the Hard disk crashed is due to 
some processes that are working in the background are not saved, and the data in the 
2.6 
processes are lost or deleted. Therefore, the Hard disk cannot be boot up normally. In this 
case, the test system recovery is very simple but time consuming.  
 
Second way in which the Hard disk crashed is during the test system shutdown, the Hard 
disk is physically damaged. The storing disk media in the Hard disk might be scratched 
due to sudden stop of the reading needle when the power supply is suddenly cut off. 
Another problem that might occur is the reading needle is stuck and cannot move after 
the test system shut down. In this case, the recovery procedure is more tedious and longer 
and more costly. 
 
In both situations above, to recover the test system, we are required to reload the 
Software and change the necessary settings. In the second situation, whereby the Hard 
disk is physically damaged, we first need to purchase a new Hard disk from the SUN 
System authorized dealer. Changing of the Hard disk in the Engineering Work Station 
will take about 30 minutes. Please see the Appendix B-1 for the exploded view of the 
Engineering Work Station. 
 
The Software that are required to reload will be the following, 
1. SUN Solaris Operating Software 8 
2. Test System Software 
3. Any other Software that is require for the production 
 
The total time taken to reload all the above said software will take about 3 hours. After 
reload all the software, need to run Test System Initialization Program and Diagnostic 
Program and perform Golden Device Testing to certify the system is suitable for 
productions. All the testing and running of devices will take about 6 hours to complete.  
 
The recovery time for a Hard disk crashed is very time consuming, it will take about one 
whole day to recover a test system.  
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2.3.2 Production Data Lost 
 
The test systems in the test floor are running production 24 hours every day non stop. 
Each lot of production devices requires at least 3 to 4 hours of running. The information 
of the production lot is collected automatically by the Engineering Work Station after 
each production lot is finished.  
 
In the event of a system trip, the test system and the Engineering Work Station will be 
shut down. All the production information for the current lot of devices will be lost. The 
devices have to be tested all over again, therefore the lost in production time and the 
frustration of the people-in-charge of the lot of devices.  
 
 
2.3.3 Test System Board Failure 
 
In the test system, there are many different Printed Circuit Boards, some are located in 
the test system Main Frame and some are located in the Test Head as discussed in section 
1.2. The Printed Circuit boards in Test Head are Flourinert-cooled whereas the boards in 
the Main Frame are Air-cooled.  
 
As discussed in section 2.3, the warm Flourinert Liquid cannot efficiently cool down the 
Printed Circuit Boards in the Test Head. When the temperature on the Printed Circuit 
Boards reaches 40°C or more, the Printed Circuit Board will send out a Heat Alarm to the 
Main Frame Tester Processor to shut down the test system. When this happens, one or 
more Printed Circuit Boards in the Test Head might be damaged by the rising 
temperature, not to mention, there is also a possibility that the Printed Circuit Boards in 
the Main Frame may be damaged due to improper system shut down.  
 
To verify any board damages, we have to execute the Test System Initialization Program 
and the Test System Diagnostic Program. If any board is faulty, the fail board 
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information will show up in one or both the programs. Figure 2.4 is an example of the fail 
data. 
 
 
 
 
 
If board failure occurs, the first action is to confirm the fail board. Swapped the suspected 
fail board with another board of the same part number and execute the Diagnostic test 
again. If the fail board SLOT location changes, then it is confirmed the board is faulty.  
 
Request for a new board of the same part number and replace with the faulty board. 
Execute the Test System Initialization Program and the Test System Diagnostic Program 
to verify the system is without any failures and the test system can then be released for 
production use.  
 
Fig 2.4 Example of a failed board information 
2.9 
The total time taken to rectify a board failure situation will depend on the difficulties in 
trouble shooting the fail system. Estimated time taken for a simple trouble shooting 
situation including the system recovery from shut down situation will be around 13.5 
hours. 
 
 
2.3.4 Production Time Lost 
 
Production time is lost whenever there is a system trip. The time lost can be in the form 
of test system recovery time and the time to retest the devices already tested.  
 
As discussed in section 2.3.1 and 2.3.3, the recovery of the Hard disk or board failure 
means a lost in the amount of production time meaning the time taken to recover the Hard 
disk or board failure can be use for device production if there is no system trip. Even if 
no board failure is encountered including Hard disk, it is still a requirement to execute the 
Test System Initialization Program and Test system Diagnostic Program whenever a 
system trip occurs. This is to confirm that there is no board failure in the test system and 
the test system is able to run device production. Executing the 2 mentioned program will 
take roughly 4 hours to complete, therefore it is a lost of 4 hours production time. 
 
As discussed in the section 2.3.2, devices have to be retested because of the lost in 
production information. This is a lost in production time too. Table 2.1 below shows the 
hours lost in production time in three different scenarios. 
 
 
 
 
 
 
 
 
2.10 
 Procedure 
Time Taken 
(hrs) Result 
Initialization Program 2 Pass 
Diagnostic Program 2 Pass 
Device Retesting 3  
No Board failure 
(including Hard disk) 
Total Time Taken 7  
Hard Disk Change 0.5  
Software Reload 3  
Initialization Program 2 Pass 
Diagnostic Program 2 Pass 
Golden Device Testing 2 Pass 
Device Retesting 3  
Hard disk crashed 
(Physically damage) 
Total Time Taken 12.5  
Initialization Program 2 Pass 
Diagnostic Program 2 Fail 
Board Confirmation 2  
Change Board 0.5  
Initialization Program 2 Pass 
Diagnostic Program 2 Pass 
Device Retesting 3  
Board failure 
Total Time Taken 13.5   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.1 Production Time Lost in different situation 
Note: The time taken to retest the devices is just a wild estimation. 
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Chapter 3: Water Evaporation and Usage Rate 
 
This section describes the method used in determine the water evaporation and usage rate 
in the cooling system. Water evaporation rate is affected by temperature and humidity. 
Therefore this section will also cover water evaporation rate under different conditions of 
temperature and humidity. In section 3.3, analysis will be made to determine whether it is 
more economical to lower down the surrounding temperature to reduce the water 
evaporation in the water tank. 
 
 
3.1 Environment Surrounding Water Tank 
 
There are 3 Test Systems running production on the Test Floor. Each Test System 
produced about 50000 Kilo Joules per hour of heat into the surroundings. The Figure 3.1 
shows the amount of Heat generated from the T5585 Test System with maximum 
configuration. This information is taken from the Product Description Manual of a T5585 
Test System. 
 
 
 
 
 
 
The current setting for the air conditioning in the Test Floor is 23°C. The ambient 
temperature surrounding the External Chiller Unit is 29.4 °C ± 1 °C as can be seen in the 
Figure 3.2 and the Relative Humidity is 39.8% ± 5% as can be seen in Figure 3.3. The 
reading shows that the area around the External Chiller is warm and dry; therefore the 
Evaporation rate in the water tank will be high compare with an area where the 
temperature is cooler and more moisture in the air. 
 
 
Fig 3.1 Amount of Heat Generated 
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Fig 3.2 Ambient Temperature surrounding the External Chiller 
Fig 3.3 Relative Humidity surrounding the External Chiller 
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3.2 Water Level Data Collection 
 
The method used to determine the water evaporation and usage rate in the water tank is to 
collect water level data twice per week for a total of 14 weeks, estimated to 3 months of 
data collection. Water evaporation rate was measured for three areas, the actual water 
tank, near water tank and away from the water tank. 
 
The first set of data collected is to determine the rate at which water decreases in the 
water tank including water evaporation and the water that disappear into the pipelines. 
This data is the actual operational data in the sense that the External Chiller is running at 
full power supporting 3 Test Systems productions. The data will be discussed more 
elaborately in section 3.2.1. 
 
The second set of data collected in a pail located near to the External Chiller is to find out 
what is the water evaporation rate that is occurring in the water tank. The temperature and 
relative humidity that surround the pail is the same as the water tank in the External 
Chiller. The pail that is used for this data collection is a 300 mm in diameter by 300 mm 
in height. The data collected from this experiment can only be treated as an estimated 
result, as the dimension of the pail is different from that of the water tank, therefore the 
result is not very accurate. The data and result will be shown in section 3.2.2. 
 
Lastly the third set of data collected is using the same dimensioned pail, but it is located 
away from the External Chiller to a corner of the room where the temperature is lower. 
The third set of data collected is to determine the water evaporation rate under different 
condition. The expected water evaporation rate should be lower than the second 
experiment due to the lower temperature. The data and result will be shown in section 
3.2.3. 
 
 
 
 
3.3 
3.2.1 Water Level in Water Tank  
 
The first set of data is collected from the water tank directly above the External Chiller. 
As shown in section 3.1, the ambient temperature is 29.4°C ± 1 °C and the Relative 
Humidity is 39.8% ± 5%.  
 
On 3rd April 2006, the water in the water tank is top up to its full position at 380 mm. The 
first water level value is collected at the same moment. Figure 3.4 shows the 
measurement of the water level in the water tank on the first day of data collection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The water level measurements are collected twice a week, on Monday and Thursday. If a 
public holiday falls on any of the measurement day, the measurement will be taken on the 
next working day. In fact, Labor Day, 1st May 2006 falls on Monday of the 5th week data 
Fig 3.4 First measurement of the water level 
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collection, therefore the measurement is taken on the next working day which is on 
Tuesday, 2nd May 2006. 
 
The data collected for 28 days, a total of 14 weeks is shown in appendix B-2. The first 
column is the number of collection; the second column shows the number of days since 
the first collection date; the third column shows the actual day the measurement is 
collected and lastly the last column shows the height of the water level from the base of 
the water tank. 
 
The data collection begins from 3rd April 2006 and ends on 6th July 2006. It started with a 
height of 380 mm on the first day and drop continuously until the water tank was left 
with 94 mm in height of water.  
 
Plotting a chart with the raw data collected using MATLAB and using “POLYFIT” and 
“POLYVAL” commands in the MATLAB to draw the line of best fit. Figure 3.5 shows 
the MATLAB plot of the water level versus number of days. 
 
 
 
Fig 3.5 Plot of Water Level (mm) versus Number of days 
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From the figure 3.5, it shows the water level dropping constantly over the days. The 
water evaporation and usage rate can thus be determined by finding out the gradient of 
the line of best fit. On the 10th day, the height of the water level is 350 mm. On the 78th 
day, the height of the water level is 150 mm. Using the equation below, find the gradient 
of the line of best fit. 
 
7810
150350
−
−
=gradient
 
               94.2−=  
The gradient of the line of best fit is negative 2.94. This denotes that the water 
evaporation and usage rate in the water tank is 2.94 mm per day.  
 
The size of the water tank is 330 mm by 330 mm by 460 mm. The water evaporation and 
usage rate in the water tank is 2.94 mm per day; this denotes that 0.00032017 cubic meter 
of water is used up per day.  
 
 
3.2.2 Water Level in Container near External Chiller 
 
The second set of data collected is from a pail located beside the External Chiller. These 
data will help to determine the estimated water evaporation rate in the water tank. The 
pail A is located beside the External Chiller; therefore the temperature and relative 
humidity are the same as that of the External Chiller.  
 
On 3rd April 2006, the first day of the experiment, a pail of water with the height of the 
water level at 280 mm is placed beside the External Chiller. Figure 3.6 shows the pail of 
water placed beside the External Chiller. 
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The data collection date from the pail of water is the same as the previous data collection 
from the water tank. The data is collected twice per week, normally on Monday and 
Thursday unless holiday fall on either day.  Appendix B-3 shows the data collect for the 
duration of 14 weeks.  
 
On the first day, the water level is recorded as 280 mm in height; on the 95th day, pail A 
was left with only 75 mm in height of water. Using MATLAB, a plot of the water level 
versus the number of days is created as well as the line of best fit.  
 
Figure 3.7 shows the MATLAB plot of the water level versus number of days. The 
estimated water evaporation rate can be determined from the line of best fit.   
 
 
 
 
Fig. 3.6 Pail A placed beside the External Chiller 
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On the 15th day, the height of the water level is 250 mm. On the 83rd day, the height of 
the water level is 100 mm. Calculate the gradient of the line of best fit yielded the 
following 
 
8315
100250
−
−
=gradient
 
               21.2−=  
 
The gradient of the line of best fit is negative 2.21. This denotes that the estimated water 
evaporation rate in pail A is 2.21 mm per day. This implies that the possible water 
evaporation rate in the water tank is 2.21 mm per day.  
Fig 3.7 Plot of Water Level (mm) versus Number of days 
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 With the information gained from the two experiments, we can predict the water usage 
rate as follows, 
 
Water Usage Rate = Water Evaporation and Usage Rate – Water Evaporation rate 
            = 2.94 – 2.21 
            = 0.73 mm 
 
The estimated water usage rate in the cooling system is 0.73 mm. 
 
 
3.2.3 Water Level in Container away From External Chiller 
 
The third set of data collected is from a pail located away from the External Chiller and 
the test systems, approximately 20 meters away. These data will help to determine the 
water evaporation rate under different condition. The relative humidity surrounding pail 
B is the same as that of the External Chiller. The ambient temperature surrounding pail B 
is 22.9 °C as shown in Figure 3.8. 
  
The method to collect the water level data is the same as the previous 2 experiments. 
Data is collected every Monday and Thursday for a period of 14 weeks. 
 
On the first day of the experiment, pail B is placed at one corner of the room 
approximately 20 meters away from the External Chiller. Water was filled into the pail to 
a height of the 280 mm. Figure 3.8 shows the pail of water placed at one corner of the 
room. 
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As usual, the water level in pail B is recorded on the first day of the experiment, 280 mm 
in height. Appendix B-4 shows the data collect from pail B for the duration of 14 weeks. 
On the last day of the experiment, 6th July 2006, the 95th day, pail B was left with only 
123 mm in height of water. Using MATLAB, a plot of the water level versus the number 
of days is created as well as the line of best fit.  
 
Figure 3.9 shows the MATLAB plot of the water level versus number of days.  
 
 
Fig 3.8 Pail B located away from the External Chiller 
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The water evaporation rate at a temperature of 22.9 °C can be determined from the line of 
best fit from Figure 3.9. On the 12th day, the height of the water level is 260 mm. On the 
85th day, the height of the water level is 140 mm. Calculate the gradient of the line of best 
fit yielded the following 
 
8512
140260
−
−
=gradient
 
               64.1−=  
 
The gradient of the line of best fit is negative 1.64. This denotes that the water 
evaporation rate in pail B is 1.64 mm per day. This implies that if the ambient 
Fig 3.9 Plot of Water Level (mm) versus Number of days 
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temperature around the water tank is 22.9 °C, then the estimated evaporation rate might 
be 1.64 mm per day instead, slightly lower than the current of 2.21 mm per day. 
  
 
3.3 Water Evaporation Rate Analysis 
 
The first set of data gathered shows that the water evaporation and usage rate in the water 
during operation is 2.94 mm per day. The second set of data gathered shows that the 
estimated water evaporation in the water tank is 2.21 mm per day and also implies that the 
estimated water usage in the cooling system is 0.73 mm per day. This shows that the water 
evaporation is the main cause for the decrease of water level in the External Chiller. 
 
The ideal countermeasure is to reduce the water evaporation rate to zero. It is impossible 
to reduce the water evaporation rate to zero, unless the water tank is vacuum sealed; else 
there will always be water evaporation present.  
 
As can be seen from the third set of data, the water evaporation rate gathered from this 
experiment is 1.64 mm per day. The ambient temperature is 22.9 °C. An option arises to 
reduce the ambient temperature surrounding the water tank to 23 °C or lower; then the 
water evaporation rate can be lowered too.  
 
Following this assumption, plans are made to determine the air conditioning setting that 
will help to lower down the ambient temperature in the External Chiller area. The plan is 
to lower down the air conditioning setting one degrees at a time and check the 
temperature around the External Chiller. 
 
The original setting on the air conditioning unit is 23 °C. It was lower down to 22 °C, 
after an hour of wait time for the temperature to settle, the temperature measured around 
the External Chiller is 28.9 °C. The air conditioning setting is lower another degree down 
and waited for an hour and measured the temperature around the External Chiller, this 
goes on for 5 hours. At last, at air conditioning setting of 18 °C, the ambient temperature 
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around the External Chiller is 23.2 °C. Based on the above assumption, at 23.2 °C, the 
water evaporation rate in the water tank will be roughly 1.64 mm per day. 
 
A decrease of 5 °C in the air conditioning setting can yield a saving of 0.57 mm of water 
per day. The total water evaporation and usage per day at air conditioning setting of 18 
°C will be 2.37 mm.  
 
Water Evaporation and Usage Rate = Water Evaporation Rate + Water Usage rate 
                           = 1.64 – 0.73 
                = 2.37 mm 
 
Comparing the water evaporation and usage rate for the two temperatures, 29.4 °C and 
23.2 °C, the interval for the water tank to run dry are 4 months and 5 months respectively. 
Assuming the starting water level is at 380 mm. 
 
@ 29.4 °C = 
94.2
380
 
       = 129 days 
       = 4.3 months 
 
@ 23.2 °C = 
37.2
380
 
       = 160 days 
       = 5.3 months 
 
The main advantage for the decrease in the temperature is the reduction of the water 
evaporation rate. This will help to reduce the water usage and the interval for topping up 
water in the water tank will be increased.  
 
There are disadvantages in decreasing the temperature too. The electricity bill will go up 
because the air conditioning unit will require more power as the temperature setting is 
lowered. This will make the operation cost higher 
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Another disadvantage is the air conditioning is working harder to lower down the 
surrounding temperature to 18 °C as set, the compressor in the air conditioning unit might 
breakdown more easily and thus requires more servicing. This will inadvertently increase 
the operational cost. 
 
The areas around the External Chiller and the Test Systems will have a temperature of 23 
°C ± 1 °C. There are also areas in the Test Floor with a temperature of 18 °C. Some 
people might not like to work in such a cold environment, they might grumble and   
complain, and this will affect their work efficiency. 
 
Another disadvantage is the water level in the water tank is still required to be monitor 
daily and water top up are inevitable. 
 
 
3.3.1 Advantages and Disadvantages of Lowering Temperature 
 
There are advantages and disadvantages of lowering the air conditioning temperature to 
reduce the water evaporation rate in the water tank as discussed in section 3.3. Here is the 
list of the advantages and disadvantages. 
 
 
Advantages of lowering the air conditioning temperature; 
1) Reduce water usage. 
2) Increase the interval for topping up the water tank. 
 
Disadvantages of lowering the air conditioning temperature; 
1) Operation cost will be higher. 
2) The compressor in the air conditioning units might need more servicing. 
3) People working in areas where the temperature is 18 °C may complain about working 
in such cold environment. 
4) Water level monitoring and water top up are required. 
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3.3 Conclusion 
 
There are more disadvantages than advantages in reducing the water evaporation rate. 
The increase in the interval for topping up the water tank is not significantly long; the 
difference is only one month. The main disadvantage is the operation cost will go up.  
 
Due to the above reasons, the idea of lowering the air conditioning temperature to reduce 
the water evaporation rate is put aside until further notice.  
 
The current water evaporation and usage rate of 2.94 mm per day will be used to 
calculate the top up schedule and for early detection of water leakage. This will be 
discussed more in depth in section 5. 
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Chapter 4 Designing and Constructing Jig 
 
The objectives of this project is stated as follows, 
 
1. To eliminate the tedious method of monitoring the water level in the External 
Chiller Unit; 
2. To reduce the water level monitoring time to zero; 
3. To aid in the early detection of water leakage present in the cooling system to 
prevent system trip occurring. 
 
In choosing the countermeasure, all the above mentioned objectives need to be met.  
 
This section covers the selection of the countermeasure to ensure early detection of water 
leakage from a pool of possible solutions. It will describe the selection of the main 
elements required to build the water level detection circuit. The design of the water level 
detection circuit is covered in section 4.3. 
 
 
4.1 Possible Design Solution 
 
There are three possible design solutions to prevent the water to run dry in the External 
Chiller, namely, 
 
1. Incorporating Toilet Flush System onto the water tank; 
2. Attach a visual water level monitoring tube onto the water tank; 
3. Water level detection jig with top up check sheet. 
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4.1.1 Incorporating Toilet Flush System 
 
One of the possible solutions is incorporating a Toilet Flush System onto the water tank. 
Figure 4.1 shows the CAD drawing of the Toilet Flush System attached to the water tank. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The spherical object shows in Figure 4.1 is a float attached to a handle. The handle is 
attached to the rotating axle of the water release catch. The water release catch is fixed to 
the water tank.  
 
Figure 4.2 shows the spherical float at different position when the water level in the water 
tank increases or decreases. 
 
 
Fig. 4.1 Toilet Flush System attached to the water tank 
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The figure on the left shows that the water level is at slightly low level and the float is 
hanging freely. The water release catch releases water into the water tank as shown by the 
three blue downward lines.  
 
The water level in the water tank rises as the water release catch continues to release 
water. The float will rise with the water level. When the water level rises to the maximum 
level, the handle attached to the float will press down on the actuator located in the center 
of the water release catch and stop the discharge of the water. 
 
Whenever the water level becomes low, the float will release the actuator and water will 
flow from the water release catch.  
 
The main advantage of this design is no water level monitoring time is required. Another 
advantage is the water tank will be topped up automatically when the water level drops.  
 
The major disadvantage of this design is water leakage cannot be detected. If water 
leakage present, water level will drop in the water tank and automatically water will be 
released from the water release catch, therefore water leakage cannot be detected. 
 
 
Fig. 4.2 Float position at different water level height 
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4.1.2 Visual Water Level Monitoring Tube 
 
The second design solution is attached a visual water level monitoring tube to the water 
tank. Figure 4.3 shows a CAD drawing of the visual level monitoring tube attached to the 
water tank. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Two indicators are placed onto the visual water level monitoring tube to indicator the 
water level is at Low or Normal level. When water is present in the water tank, the water 
level will show on the clear monitoring tube.  
 
Human resource is required to check the water level daily to prevent the water to run dry 
in the External Chiller. If the water level drops to the low level, water top up is required. 
Water should be topped up to the normal level as indicator. A water top up check sheet 
Fig. 4.3 Visual water level monitoring tube 
Normal 
Level 
Low  
Level 
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should be provided to monitor the interval of each water top up to detect any water 
leakage in the cooling system. 
 
The advantage of this design is the elimination of the tedious method of monitoring the 
water level in the water tank. As discussed in section 2.2.1, a man is required to carry and 
install a ladder beside the External Chiller, climb up the ladder and measure the water 
level in the water tank with a measuring tape. With the implementation of the visual 
water level monitoring tube, the previously method of monitoring can be eliminated and 
replaced by a man walking up to the External Chiller and check the water level in the 
monitoring tube. 
 
Together with the implementation of the top up check sheet, this design can have early 
detection of water leakage in the cooling system to prevent system trip occurring. 
 
The major disadvantage of this design is human resource is still required to check the 
water level from the monitoring tube daily. Although the time taken required to monitor 
the water level has decrease significantly, an automatic monitoring device is still 
preferred.  
 
 
4.1.3 Water Level Detection Jig with Top up Check Sheet 
 
The third design solution is to build a water level detection jig, independent of the 
External Chiller. Figure 4.4 shows the CAD drawing of the water level detection jig 
attached to the water tank. 
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The water level detection jig consists of a control box, an alarm beacon and a float 
sensor. The float sensor detects the water level at a height of 100 mm. If the water level is 
above 100 mm in height, float sensor will not activate. When the water level drops to 
below 100 mm, the float sensor will activate and send a signal to the control box. The 
control box will then send a signal to activate the alarm beacon. 
 
When the alarm beacon activated, this represent the water tank needs to be topped up. A 
man is required to top up water into the water tank to a predefine level and record in the 
top up check sheet. 
 
The water level detection jig will provide automated water level detection without the use 
of human resources. It will consists of an alarm to inform users when the water level in 
the water tank is low. It should be portable and easily maintain. Together with a top up 
check sheet, it should be able to early detect any water leakage in the cooling system. 
Fig 4.4 Water Level Detection Jig 
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The advantage of this design is the elimination of the tedious method of monitoring the 
water level in the water tank. The monitoring time for monitoring the water level is 
reduced to zero as the water level detection jig will automatically detect the water level at 
the low level.  
 
Together with the implementation of the top up check sheet, this design can have early 
detection of water leakage in the cooling system to prevent system trip occurring. 
 
The disadvantage of this design is the need for periodic maintenance of the water level 
detection jig annually or half yearly to ensure the functionality of the system. 
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4.1.4 Countermeasure Selection 
 
Here is a summarize of the advantages and disadvantages of the three possible design 
solution, 
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Toilet Flush System + +   + -   - 
Visual Water Level Detection Tube +   +     -   
Water Level Detection Jig + + +       - 
 
 
 
 
Design number 1 and design number 2 does not meet all the requirements of the 
objectives as stated in section 4.1. Design number 3 meets all the requirements of the 
objectives.   
 
Design number 3, Water Level Detection Jig with Top up check sheet is the selected 
countermeasure and will be developed into the Water Leakage Detection System. The 
design of the water level detection jig will be covered in the section 4.2, 4.3 and 4.4. 
 
 
Table 4.1 Summary of the advantages and disadvantages. Legend 
Advantage      + 
Disadvantage  - 
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4.2 Water Level Detection Jig 
 
The Water Leakage Detection System consists of two design, water level detection jig 
and water top up check sheet. The design of the water level detection jig will be covered 
in more details in the subsequent sections. The design of the water top up check sheet 
will be covered in more details in the section 5.   
 
Figure 4.5 shows the hierarchy of the Water Leakage Detection System. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are four main elements to make up a water level detection jig, sensor unit, alarm 
unit, power unit and the circuitry. The alarm unit is used to inform users that the water 
level in the water tank is at low level. The sensor unit is employed to sense the water 
level in the water tank, send a fail signal when it detects the water level is at low level. 
The power unit is the unit that will supply electricity to the alarm unit, sensor unit and the 
circuitry. The circuitry will receive the fail signal from the sensor unit and sends a signal 
to activate the alarm unit. Figure 4.6 shows the simplified block diagram of the water 
level detection jig. 
Water Leakage 
Detection System 
Water Level 
Detection Jig 
Water Top up 
Check Sheet 
Water Leakage 
Check Procedure 
Alarm Unit Power Unit Circuitry Sensor Unit 
Fig 4.5 Hierarchy of the Water Leakage Detection System 
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The selection of the main elements for the water level detection jig will be covered in 
section 4.2.1 to section 4.2.4. 
 
 
4.2.1 Selection of Sensor Part 
 
The sensor unit is the main contact with the water in the water tank. It will detect the 
water level and output a fail signal to the circuitry when the water level becomes low. It 
must be accurate and reliable. Figure 4.7 shows the different kinds of sensors to detect 
water level. 
 
 
 
 
 
 
 
 
Alarm 
Unit 
Power 
Unit 
Sensor 
Unit 
Circuitry 
Fail signal 
Alarm signal 
Fig. 4.6 Simplified Block Diagram of the Water Level Detection Jig 
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There are many different kinds of sensors available in the market as shown in Figure 4.7. 
They can be categorized into 2 main types of sensor, namely, Float sensor and Ultrasonic 
sensor.  
 
The float sensor can be classified into three groups of sensor, namely, vertical float 
sensor, horizontal float sensor and multiple level float sensor. As the name implies, it 
utilizes a float with powerful, permanent magnets and encircle a stationary stem. As the 
float riser or lowers with the water level, the magnetic field generate from within the float 
actuates a hermetically sealed, magnetic reed switch mounted within the stem. Thus 
closing the reed switch to form a short for normally open float sensor or opening the reed 
switch to form an open loop for normally close float sensor (The Control Components 
Australia 2003, p. D-1).  
 
Figure 4.8 shows the drawing of a typical vertical float sensor. 
Fig 4.7 Water Level Sensors 
(Source: The Control Components Australia 2003) 
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The Ultrasonic sensor as the name implies, uses sound wave to detect the water level. 
The sensor will emits a sound wave and the sound wave will bounce back from the 
surface of the water and received by the sensor. The sensor then calculates the time taken 
for the sound wave to travel from the sensor and back, and base on the time taken 
calculate the distance traveled. And thus compute the water level height. The 
measurement will be collected at each time interval as specified by users. The Ultrasonic 
sensor requires calibration with the water level before it can be used. Figure 4.9 shows 
the ideal position the Ultrasonic sensor should be located in the water tank. The sound 
path should be perpendicular to the monitored surface, clear of rough walls or other 
obstructions and clear of the fill path. 
 
 
 
 
 
 
 
 
 
Fig 4.8 Drawing of a typical Vertical Float Sensor 
(Source: The Control Components Australia 2003) 
Fig 4.9 Location of the Ultrasonic Sensor 
(Source: The Siemens Process Instrumentation 2006) 
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The water level detection jig does not need high precision device like the Ultrasonic 
sensor; therefore, a vertical float sensor is used. For the water level detection jig that is 
currently being design, a single level float sensor is used instead of the multiple level 
float sensors. Figure 4.10 shows the float sensor used in the water level detection jig. It is 
a vertical float sensor with its stem and float made of stainless steel material. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.2 Selection of Alarm Part  
 
The alarm unit is the main media to communicate between the users and the water level 
detection jig.  When the water level is low, the circuitry will send a signal to activate the 
alarm unit. The alarm unit will notify any person nearby by flashing the light. Figure 4.11 
shows three different kinds of alarm available in the market. There is many more alarm 
available in the market, but for this project only the three alarms shown is considered. 
 
 
 
 
Fig 4.10 Vertical Float Sensor 
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The tower light on the left have five different colour lights to represent five different 
water levels. It will be useful if the water level detection jig can detect 5 different water 
levels. Currently the water level detection jig in design can only detect a single water 
level; therefore the tower light is not applicable.  
 
The xenon beacon uses a discharge capacitor operating through a converter circuit ignites 
xenon gas inside a tube creating a brilliant flash of light. Xenon gas ignites virtually 
instantaneously so maximum brightness is obtained immediately. Xenon beacon is very 
efficient; it incorporates a 360-degree light output with the brightest and most effective 
visual signal (The RS Components Singapore 2006, p. 2). 
 
 
The rotating beacon uses a parabolic reflector, driven by an electric motor, revolved 
around a continuously illuminated bulb on the vertical axis of the beacon creating a 
powerful beam of light traveling through 360-degrees. The rotating beacon is available 
with either a filament or a tungsten halogen bulb. It has a greater degree of light output 
than most models, but this is reduced as the parabolic reflector only illuminates one given 
point at a time (The RS Components Singapore 2006, p. 2). 
 
Fig 4.11 From the left, Tower light, Xenon Beacon and Rotating Beacon 
(Source: The RS Components Singapore 2006) 
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The xenon beacon is chosen as the alarm unit for the water level detection jig due to its 
advantage of low current consumption combined with long life. 
 
 
4.2.3 Selection of Power Source 
 
The power unit is the source of power that will be supplied to the alarm unit, sensor unit 
and the circuitry. There are currently two possible power source in consideration for the 
water level detection jig, namely, AC power and battery. 
 
The main advantage of the use of AC power is stable and consistence. Power failure is 
very seldom occurs in Singapore and the AC power from the power point is very stable 
with little or no fluctuation. One major disadvantage in using AC power is portability. 
There will always be a power cord attached to the water level detection jig and there must 
always be a power point nearby; therefore it is not very portable. Another disadvantage is 
the requirement of a DC power supply to convert the AC incoming power to a 12 Volts 
DC supply. 
 
The advantage of the use of battery is portability. No power cord is required and no DC 
power supply is needed. A 12 volts battery will be able to supply 12 volts DC without 
any conversion. Therefore the battery is chosen as the power unit of the water level 
detection jig due to its portability.  
 
There are two groups of battery available in the market. They are non-rechargeable 
alkaline battery and the rechargeable alkaline battery.  
The advantage of non-rechargeable battery is consistent life and consistent power output. 
The disadvantage of the non-rechargeable battery is the cost of battery replacement. 
 
The advantage of rechargeable battery is no replacement cost. The battery can be 
recharge for many times. The disadvantage of the rechargeable battery is the power 
output will drop after each recharge, inconsistent power output. 
4.15 
In view of the above advantages and disadvantages of both the non-rechargeable and 
recharge battery, non-rechargeable battery is chosen for its reliable power output and its 
consistent life. Figure 4.12 shows the 12 volts battery that is going to be used in the water 
level detection circuit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.4 Circuit Design 
 
The circuitry is the interface between all the three units. It will receive a fail signal from 
the sensor unit when detected water level low. After receive the fail signal, it will send a 
signal to activate the alarm unit to inform users of the water level low. The 12 volts 
supply will be supply to the circuitry and distributed to the sensor unit and the alarm unit. 
 
The design of the circuitry will be covered in more details in the next section. 
 
Fig 4.12 12 Volts Alkaline Battery 
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4.3 Water Level Detection Circuit Design 
 
The main elements of the water level detection circuit are the float sensor, alarm beacon, 
battery and the interface circuit. This section will cover the interface circuit design 
incorporating the float sensor, alarm beacon and the battery. 
 
The circuit design will focus on both the normally open (N.O.) and the normally close 
(N.C.) float sensor. The battery power source will be 12 volts. The voltage to activate 
alarm beacon will be 12 volts.  
 
 
4.3.1 Initial Circuit Design 
 
The initial circuit design is to test out the functionality of the float sensor. The float 
sensor used in the initial design is a normally open float sensor. Figure 4.13 shows the 
drawing of the initial circuit design. 
 
The voltage used here is 3 volts dc power source. Instead of the alarm beacon, an LED is 
used. A resistor, R1, is used to limit the current flow. 	
	 
 
 
 
 
 
 
 
 
    
 
 
 
Float Sensor
(Normal Open)
LED
R1
3V
Fig 4.13 Drawing of the initial circuit design 
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The LED is not activated if the float sensor is not activated. When the float sensor is 
activated, the float sensor becomes shorted; a 3 volts supply will pass through the LED 
and the resistor, R1. The LED lights up. The current passing through the LED is 
calculated as 11 mA. 
 
Current, I = 
cesis
Voltage
tanRe
 
     = 
270
3
 
     = 11 mA 
 
From this experiment, the float sensor is verified to be in working condition.  
 
 
4.3.2 Normally Open Design 
 
The next circuit design is based on the normally open float sensor, 12 volts power source 
and 12 volts alarm beacon. Figure 4.14 shows the drawing of normally open design 
circuit. The following are the components used in the design circuit other than the main 
elements, 
 
1. 		
 
2. An N-Channel MOSFET, Q1; 
3. A latching relay; 
4. Two diodes; 
5. A fuse; 
6. Two push buttons, Reset button and Test button; 
7. And a power on switch.  
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When the power on switch is turn on, the circuit is in operation, waiting for the water 
level to go low. When the water level goes low, the normally open float sensor will be 
activated and close the circuit. Current will flow through the R1 and R2 resistors. Voltage 
drop across the R2 resistor will be the Gate-Source Voltage, VGS, required to turn on the 
N-Channel MOSFET, Q1.  
 
VGS = Voltage
RR
R
*
21
2
+
 
= 12*
270750
270
+
 
= 3.18V 
 
Current will flow through the latching relay after Q1 turns on. The latching relay will 
energized and close the relay contact and activate the alarm beacon. 
 
The latching relay will remain energized even when the power is turn off or when the 
water was topped up. To reset the latching relay, it is required to press the Reset Button. 
 
Fig 4.14 Normally Open Float Sensor Circuit Design 
4.19 
The Test Button is added in to let users test the functionality of the circuit. It acts like the 
float sensor. When the test button is depressed, Q1 will turn on, latching relay will 
energized and the alarm beacon will be activated. User is required to press the Reset 
Button to reset the latching relay. 
 
When the alarm is activated, the total current flowing through the circuit is 146.7 mA. 
The current flowing into the xenon alarm beacon is 130 mA, as specified in the data sheet 
for xenon alarm in Appendix B-5. A maximum drain current of 0.2 A at a VGS voltage of 
3 V, can pass through the N-channel MOSFET, Q1 as specified in the data sheet for the 
N-Channel MOSFET in Appendix B-6. The latching relay only requires 16.7 mA of 
current flow to energize the relay, as specified in the data sheet for the latching relay in 
Appendix B-7. Therefore there is no matching issue with the MOSFET and the latching 
relay. The current flowing into the two resistors is calculated using ohm’ s law, a 
negligible value of 0.012 mA. 
 
IR1+R2 = Ω+Ω KK
V
750270
3
 
 = 0.012 mA 
 
Total Current flow = IXENON BEACON + IRELAY + IR1+R2 
 = 130 + 16.7 + 0.012 
 = 146.7 mA 
 
 
4.3.3 Normally Close Design 
 
The next circuit design is based on the normally close float sensor, 12 volts power source 
and 12 volts alarm beacon. Figure 4.15 shows the drawing of normally close design 
circuit. The components used in the normally close circuit design are the same as the 
normally open circuit design as discussed in section 4.3.2. The different between the 
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normally open design and the normally close design is the location of the test button and 
the location of the float sensor. 
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The working principle of the above circuit is almost the same as the normally open circuit 
design as discussed in section 4.3.2. When the power on button is turned on, a current of 
0.016 mA will flow through the resistor, R1 and the normally close float sensor and the 
test button. 
 
IR1 = ΩK
V
750
12
 
= 0.016 mA 
 
When water level low is detected, the float sensor will be activated, float sensor will 
become open, causing a voltage drop at R2, VGS. The VGS is 3.18V, same as the normally 
open circuit design. From here on, the working principle is the same as the normally open 
circuit design as discussed in section 4.3.2. The Q1 will turned on, follow by the latching 
relay energized and the activation of the alarm.  
 
Fig 4.15 Normally Close Float Sensor Circuit Design 
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The latching relay will remain energized until the Reset Button is pressed. The test button 
resembles a normally close float sensor. When the test button is depress, the open loop 
will cause the Q1 to turn on, follow by the latching relay energized and the activation of 
the alarm. User is required to press the Reset Button to reset the latching relay. 
 
As the components used in both the normally open and normally close circuit design are 
the same, therefore the total current flowing through the circuit when the alarm is 
activated is the same at 146.7 mA. The difference is there is always an initial current of 
0.016 mA flowing in the normally close circuit design.  
 
 
4.3.4 Final Design Selection 
  
The final design will be selected base on safety and add-on can be easily attached to the 
circuit. Both the designs are very similar, in the sense that both use the same components 
and the total current drawn from the battery is the same when the alarm is activated. 
 
The difference between the normally open circuit and the normally close circuit is there is 
a close loop for the normally close circuit. A current of 0.016 mA is constantly flowing 
through the normally close circuit. Therefore if the water low level is detected, there will 
not be a sudden surge of current pumping into the normally close circuit.  
 
As for the normally open circuit, no initial current is supply. If water low level is 
detected, a surge of current will be pumped into the circuit, at the instance the reed switch 
in the float sensor closes, sparks might occurred. 
For safety reason, the normally close circuit is chosen as the final design. With the 
normally close circuit, there is another advantage. Add-ons can be easily attached to the 
circuit. An Omron time counter can be added to the circuit to tell user the time interval 
between each water top up. Figure 4.16 shows the normally close circuit with the timer 
counter added on. 
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4.4 Prototype of the Water Level Detection Jig 
 
With the selection of the sensor unit, alarm unit, power unit and the circuit design, it is 
time to fabricate into the water level detection jig.  
 
The float sensor has to be placed vertically into the water tank. The float sensor must be 
secure firmly at a distance of 100 mm from the base of the water tank. A pipe can be used 
to secure the float sensor to the base of the water tank.  Figure 4.17 shows the CAD 
drawing of the float sensor attached to the brass pipe placed vertically in the water tank.  
 
 
 
 
 
 
 
 
 
Fig 4.16 Timer counter added into the normally close circuit 
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Fig 4.17 Float sensor placed vertically in the water tank 
Fig 4.18 Length of brass pipe 
500 mm 
100 mm 
100 mm 
50 mm 
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The height of the water tank is 460 mm. Therefore a longer mid section is required. 
Figure 4.18 shows the length of the brass pipe that is required. The total length of the 
brass pipe required is 750 mm. 
 
A box is required to hold the battery, the circuit design, 3 switches and a timer counter. 
The dimension of the battery is 136.5 mm by 73 mm by 127 mm as specified in the data 
sheet of the battery in Appendix B-8. Therefore a box must be larger than the size of the 
battery. Figure 4.19 shows the CAD drawing of the plastic box with battery, circuit 
board, 2 switches and a timer counter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The size of the control box is 150 mm by 100 mm by 200 mm. The material of the 
control box is plastic, for easy cutting of holes. 
 
Fig 4.19 Control Box layout 
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The xenon alarm beacon will be placed on top of the control box. Figure 4.20 shows the 
CAD drawing of the control box with the xenon alarm beacon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A bracket is required to mount the control box onto the water tank. Figure 4.21 shows the 
bracket for mounting the control box to the water tank.  
 
 
 
 
 
 
 
 
Fig 4.20 Control box with xenon alarm beacon attached 
Xenon 
alarm 
beacon 
Power on 
Switch 
Fig 4.21 Bracket 
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Assembling all the parts together, the water level detection jig is created. Figure 4.22 
shows the picture of the assembled water level detection jig. Figure 4.23 shows the CAD 
drawing of the assembled water level jig attached to the water tank. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.22 Water level detection jig 
Fig 4.23 Water level detection jig attached to water tank 
4.27 
Figure 4.24 shows the picture of the water level detection jig attached to the water tank. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.24 Water level detection jig attached to the water tank 
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Chapter 5 Designing Top Up Procedure 
 
The water level detection jig as discussed in Section 4 is an electronic gadget to 
determine the water level in the water tank. It will activate an alarm to alert user to top up 
the water tank when the water level drops to dangerously low level. It cannot detect the 
water leakage that might be present in the cooling system. 
 
To aid in the early detection of water leakage in the cooling system, a check sheet is 
required. This section will discuss the process in designing the water tank top up check 
sheet. 
 
 
5.1 Data Requirements 
 
The use of the water tank top up check sheet is to detect any water leakage that is present 
in the cooling system. There is some specific information required to be collected when 
the user top up the cooling water in the water tank. The following are information 
collected during each water top up, 
 
1. Date of Water Top Up - This information is to allow user to compare the present 
date with the previous water top up date;  
 
2. Hour Meter Information - The data will shows the number of hours the External 
Cooling Chiller has been running and schedule the next Periodic Maintenance 
date; 
 
3. Person-in-charge - The person who top up the water in the water tank. 
 
 
 
 
5.1 
. 5.2 Check Sheet Design 
 
After determine the information required during the water top up action, a check sheet 
was created, figure 5.1 shows the check sheet design. 
 
 
 
 
 
A “ Remarks”  column is added to allow users to enter any discrepancy occurs, example 
water leakage present or executing periodic maintenance etc. 
 
Figure 5.2 shows the flow chart of the water leakage detection using the water top up 
check sheet. Water will be topped up on the first day to a level marked in the water tank 
at a height of 400 mm measured from the base of the water tank. The date of the water 
top up will be recorded on the top up check sheet as well as other required information. 
The external chiller will operate as normal during and after the water top up.  
 
As discussed in section 3.2.1, the water evaporation and usage rate in the water tank is 
estimated at 2.94 mm per day. It will take an approximately 3 months or more for the 
water level in the water tank to drop to a height of 100 mm or lower. When the water 
Fig. 5.1 Preliminary Check Sheet Design 
5.2 
level in the water tank drops to 100 mm or lower, it will trigger the flow sensor located at 
a height of 50 mm from the base of the water tank as discussed in section 4.4. The water 
level detection jig will activate the alarm to alert the user to top up the water tank.  
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Fig 5.2 Flowchart of the water leakage detection sequence 
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After user topped up the water level in the water tank to 400 mm level, user will record 
the date, hour and person-in-charge onto the top up check sheet. User have to compare 
the date of water top up with the previous top up date, if the difference is more than 3 
months, then no water leakage occurs. If the difference is less than 3 months, then water 
leakage is present. User will be required to determine the leakage point using the water 
leakage procedure which will be discussed in section 5.5. After remedy the water leakage 
point, the external chiller can be operated as normal.  
 
In conclusion, using the information recorded during each water tank top up and the 
water evaporation and usage rate data as discussed in section 3.2.1, early water leakage 
detection in the cooling system is made possible.  
 
 
5.3 Placement of Check Sheet 
 
The placement of the water top up check sheet is very important. It must be easily 
accessible and located at a prominent place, so that user will be happy and oblige to use 
it. Figure 5.3 shows the prominent location of the check sheet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water Top Up 
Check Sheet 
Fig 5.3 Prominent location of the check sheet 
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The water top up check sheet is put inside a plastic folder to water proof the check sheet. 
The check sheet with the plastic folder is pasted directly under the water level detection 
jig to remind user to fill up the check sheet after finish topping up the water tank. A pen 
is also placed beside the check sheet to facilitate user to fill in the required data onto the 
check sheet. 
 
 
5.4 Enforcement of Check Sheet 
 
The water top up check sheet is to assist in the early detection of any water leakage 
present in the cooling system; therefore the information recorded in the check sheet must 
be very precise and correct at the time of the water top up. User must record each and 
every water top up performed in the water tank. A single inaccuracy will have disastrous 
effect on the test system as discussed in section 2.3. 
 
The recording of the water top up check sheet must be enforced at each and every water 
top up as well as the analysis of the current and previous date of water top up. The 
following are ways to help in the enforcement of the check sheet, 
 
1. User training , need to educate the user the importance of the check sheet and how 
to determine if water leakage is present; 
2. Warning signs and labels to be placed around the external chiller to alert user to 
record check sheet after top up water; 
3. A reminder is added onto the check sheet to remind user to analysis the 
information recorded in the check sheet to determine if water leakage is present. 
 
Figure 5.4 shows the new design of the water top up check sheet with a reminder written 
on the bottom of the check sheet. The reminder reads “  Note: When the DATE of the last 
water top up and the DATE of the current water top up is less than 3 MONTHS, please 
check for any water leakage. (Follow the Water Leakage Check Procedure)” . 
 
5.5 
  
 
 
5.5 Water Leakage Check Procedure 
 
The purpose of the water top up check sheet is to aid in the early detection of water 
leakage present in the cooling system as discussed in section 5.2. Whereas, the water 
leakage check procedure is used to confirm and remedy the water leak point. If the 
difference between the current water top up date and the previous water top up date is 
less than 3 months, then water leakage is present and user will follow the water leakage 
check procedure to resolve the water leakage. The water leakage check procedure is 
shown in Appendix B-6 
 
There are 4 main areas to check for water leakage as shown in the water leakage check 
procedure. The check points are as follows, 
 
1. Moisture perception alarm generated in the individual tester chiller unit; 
2. Water pan in the external chiller and the individual tester chiller unit; 
3. Incoming water coupling connected to the individual tester chiller unit; 
Fig 5.4 New design of the water top up check sheet 
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4. Cooling water pipelines under the floor boards. 
 
5.5.1 Moisture Perception Alarm 
 
Moisture perception alarm is generated by the chiller unit inside the test system. It is 
generated when water leaked into the chiller unit and contaminated the Flourinert liquid. 
The problems encountered when the Flourinert liquid is contaminated with water will be 
discussed in section 6.2.1 as well as the recovery procedure. 
 
 
5.5.2 Water in the water pan 
 
Water pan are used to collect any water that leaked out from the piping and joints in the 
chiller unit. All chiller units including the external chiller and the individual tester chiller 
units have a water pan installed. The water pan is placed at the lowest position of the 
chiller unit. Figure 5.5 and figure 5.6 shows the location of the water pan in the external 
chiller and the tester chiller unit respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.5 External Chiller Water Pan Fig. 5.6 Tester Chiller Unit Water Pan 
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If water is found in the water pan, that indicates there is a water leakage present in the 
chiller unit. Using the Chiller Schematics Diagram, trace the water piping and determine 
the leakage point. Once the leakage point is found, epoxy can be applied to the leak point 
to stop the leakage. 
 
 
5.5.3 Incoming water coupling 
 
The incoming cooling water is attached to the tester chiller unit by use of couplings. 
Figure 5.7 shows the location of the incoming water couplings.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.7 Incoming water couplings 
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There is a possibility that the coupling is not tighten, so water can leak out from the 
coupling. Therefore the coupling is one of the main areas to check for water leakage. To 
resolve the water leakage caused by loosen coupling, use an adjustable wrench to tighten 
the coupling or rework the coupling. 
 
 
5.5.4 Cooling water pipelines 
 
There are cooling water pipes lying under the floor boards that transfer cooling water 
from the external chiller to the individual tester chiller units. In the presence of water 
leakage, one of the areas to check for leakage is the cooling water pipes.  
 
To check water leakage from the cooling water pipes, firstly is to remove the floor boards 
with the removal tool. Then visually check for any water puddles formed on the concrete 
floor around the piping. If found water puddle around one end of the piping, then the 
leakage is most likely to come from that portion of piping. Next step is to check the 
piping visually for cracks and seal the cracks with epoxy.  
 
After resolve any water leakage situation, the final steps is to clean up the area and 
monitor the leakage point for a few days to confirm the water leakage have been 
contained.  
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Chapter 6 Safety Precautions and Risk Assessment 
 
People must learn how to work safely to prevent accidents.  Carelessness or horseplay 
causes many accidents. It is sensible to develop safe work habits than to suffer the 
consequences of an accident. Developing good safety practices should become a habit to 
be followed on the test floor and should be practiced in everything one does in life. 
 
In this chapter we will discuss on the Warning Labels and their locations. In section 6.2, 
risk assessment is discussed. 
 
 
6.1 Warning Labels and Their Locations 
 
The cooling unit in the test system uses warning labels to draw attention in areas where 
there is possible danger. Here are the definition of the term, Warning, Caution and Note: 
 
WARNING: Misuse of the equipment that comes from neglecting this label may result 
in minor or even serious injury to the operator. 
CAUTION:  Misuse of the equipment that comes from neglecting this label may result in 
damage to the equipment. 
NOTE:          For safety and the ease of use of the equipment, this draws attention to 
details essential for understanding equipment operation and functions. 
 
Figure 6.1 to Figure 6.4 shows a list of warning labels and its explanation that can be 
found in the cooling unit in the test system.  
 
 
 
 
 
6.1 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CAUTION 
Electrical SHOCK HAZARD. 
Explanation 
  If Power is ON, DO NOT REMOVE COVER 
or touch electrical components or terminals 
Fig 6.1 Hazardous Voltage 
CAUTION 
  HEAVY UNIT HAZARD. 
Explanation 
Heavy unit can cause severe in jury. 
Carry by four persons. Fig 6.2 Heavy Unit 
Fig 6.3 Fire Hazard 
WARNING 
  FIRE HAZARD. 
Explanation 
  Use replacement fuse with same rating and 
type. 
 
6.2 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5 shows the locations of the warning labels in the cooling unit in the test system. 
It is always very important to take note of voltage hazard and heavy unit hazard. It can 
cause injuries during installation or maintenance works if user is not familiar with the 
operation of the cooling unit. Users must completely shutdown the test system when 
performing installation or maintenance works on the cooling unit.  
 
 
 
 
 
 
 
CAUTION 
  Fluorinert may break down at high temperatures. 
Explanation 
  Do NOT breathe, or expose skin to fumes. 
  Do NOT expose Fluorinert to high temperatures. 
  Ventilate area well. 
  Wear safety glasses when handling Fluorinert. 
 
Fig 6.4 Flourinert Hazard 
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6.2 Risk Assessment 
 
In the cooling system, there are many risks involve that might have unforeseen effect on 
the test system. The following are the risks identified, 
 
1) Water contamination. 
2) Clogged Strainer. 
3) Water quality. 
4) Water pressure. 
 
Front of Cooling Unit Rear of Cooling Unit 
Fig 6.5 Location of warning labels in the cooling unit 
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The following sections will give a more detail explanations of each of the risk involved 
and its’  countermeasure, if available. 
 
 
6.2.1 Water contamination 
 
Water contamination meaning water got mixed with Flourinert liquid in the Cooling Unit. 
It is a very serious matter. Flourinert liquid is an inert liquid and it flows through the 
components in the printed circuit board in the test system, whereas water is a conductive 
liquid, it can transmit electricity. Therefore when water was mixed with Flourinert liquid, 
the possibility of the water mixture flowing through the components in printed circuit 
boards is very high. It may cause a short circuit in the test system and test system will 
shutdown. The boards that are contaminated by the water mixture must be sent for repair 
immediately.  
 
In another scenario, the water mixture didn’ t cause the test system to trip, but water 
droplets are introduced and reside in the printed circuit boards. Over prolong period of 
time, it will cause corrosion on the surface of the printed circuit boards. Failures will 
starts to appear; then the faulty boards will need to be replaced. 
 
In the worst scenario, the water mixture causes sparks in the printed circuit boards, and 
the test system will be burnt. This will become a fire hazard. 
 
To prevent water mixture to seep into the test system, two water leak sensors are 
installed. 
The location of the water leak sensor is in the Flourinert Tank and Heat exchanger. The 
purpose of this water leak sensor is to detect the presence of any form of liquid that 
conducts electricity and immediately send a shutdown signal to the cooling unit to stop 
the pump. But if user continues to start up the cooling unit for a few times even when the 
cooling unit is tripped, the water mixture will still be able to seep into the test system to 
cause problem. 
6.5 
 Figure 6.6 shows the location of possible water contamination points in the Cooling Unit. 
 
 
 
 
 
 
 
 
 
 
There are two possible locations of water contamination points in the Cooling Unit. They 
are the Heat exchanger and the Flourinert Tank; that is where the two water leak sensor 
are positioned. 
 
The cause of water contamination in the Flourinert Tank is usually due to users’  
mistakes. Users are required to top up Flourinert liquid when encountered Flourinert 
Tank level low in the cooling unit. But instead of Flourinert liquid, they might 
accidentally pour water or other liquid into the Flourinert Tank and realize their mistake 
only after they power up the cooling unit. The cooling unit will tripped with error 
pointing to “ Moisture Perception Error” . 
 
The cause of water contamination in the Heat exchanger is difficult to trace. The 
pipelines in the Heat exchanger have very thin walls to ensure the efficiency of the heat 
transfer. Cracks or holes may be formed in the pipelines of the Heat exchanger, caused by 
rust corrosion over prolong period of time or unidentified sharp object hitting the walls of 
the pipelines. External cooling water will leak through the cracks or holes and into the 
pipelines of the Flourinert liquid. To prevent corrosion to the Heat exchanger, it is 
recommended to users to change the Heat exchanger after every two years of usage. 
 
Heat Exchanger 
Flourinert Tank 
Fig 6.6 Location of possible water contamination point 
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The countermeasure to encountering water contamination is never power up cooling unit 
until recovery is completed. To perform recovery, first, purge out all Flourinert liquid in 
the Cooling Unit using Dry Nitrogen Gas, 99.9 percent purity, for a day to dry up any 
water droplets that resides in the Cooling Unit. The second step is to perform leakage 
check on the Heat exchanger. Remove the external cooling water coupling from the 
cooling unit. Pump in dry air at a pressure of 0.35 MPa into the external cooling water 
pipelines in the cooling unit and close all the valves after the pressure is reached. Monitor 
the external cooling water pressure gauge for 2 hours. If there is no drop in the pressure, 
then it is confirm that the water leakage is not from the Heat exchanger. The last step is to 
pour in new Flourinert liquid to power up cooling unit. Do not use the contaminated 
Flourinert liquid.  
 
 
6.2.2 Clogged Strainer 
 
A 100 mesh strainer is installed at the external cooling water supply pipeline in the 
cooling unit in the test system. The purpose of the strainer is to prevent dirt and other 
unidentified substances from entering into the pipelines and in worst case into the Heat 
exchanger 
 
Figure 6.7 shows the location of the strainer and its appearance. 
 
 
 
 
 
 
 
 
 
 
Fig 6.7 Strainer location and appearance 
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Along the route of the external cooling water pipelines, there is a solenoid control valve 
controlling the amount of water flowing into the Heat exchanger. The solenoid control 
valve is control by the temperature control unit monitoring the temperature of the 
Flourinert liquid in circulation in the test system. If the temperature of the Flourinert 
liquid is above 23.5 °C, then the solenoid valve will open bigger and allow more water to 
flow into the Heat exchanger. If the temperature is below 23.5 °C, the solenoid valve will 
close slightly.  
 
If there is no strainer mounted, dirt or other substances will be able to enter the external 
cooling water pipelines, it will flow through the solenoid control valve, and into the Heat 
exchanger. If the dirt was deposited on the solenoid control valve plunger, the solenoid 
valve will be stuck, and the temperature of the Flourinert liquid can never be controlled. 
In another scenario, if the dirt was to clog the solenoid valve, cooling water cannot 
circulate, the temperature of the Flourinert liquid will increase and finally damage the 
components on the printed circuit boards in the test system.  
 
 In the worst scenario, the dirt flowed through the solenoid valve and deposit onto the 
Heat exchanger, and clogged the Heat exchanger; the temperature of the Flourinert liquid 
will increase and damage the printed circuit boards. A lot of manual work, cutting and 
welding pipes will be required to replace the Heat exchanger.  
 
That is the importance of the strainer; therefore the strainer must always be mounted onto 
the cooling unit. The strainer will prevent dirt from entering the external cooling water 
pipelines. The dirt will accumulate in the strainer. Clogged strainer will have the same 
effect as the clogged solenoid valve, therefore it is recommended to clean the strainer 
every half yearly to prevent the strainer from clogging.  
 
Another countermeasure is to ensure the external cooling water is free to dirt or other 
substances. The external chiller has an open-aired water tank; therefore special care must 
be taken when working around the water tank. Care must be taken not to deposit any 
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material into the water tank. The water tank must be clean at all times. Periodic 
maintenance is recommended for the water tank and the strainer.  
 
 
6.2.3   Water Quality 
 
The external cooling water quality must conform to "Water Quality Guidelines for 
Refrigerator and Air Conditioning Equipment" (JRA-GL-02-1994) set down by the Japan 
Refrigeration and Air-conditioning Association. Below shows the items of the "Water 
Quality Guidelines for Refrigerator and Air Conditioning Equipment" (JRA-GL-02-
1994); 
 
Standard Materials 
pH (25°C)       : 6.8 to 8.0 
Conductivity (25°C)     !"#$% : 400 or less 
Chloride ion    Cl-  (mgCl-/l)  : 50 or less 
Sulfate ion    SO42-  (mgSO42-/l)  : 50 or less 
Acid consumption (pH 4.8)   (mgCaCO3/l)  : 50 or less 
Total hardness     (mgCaCo3/l)  : 70 or less 
 
Reference Materials 
Iron     Fe (mgFe/l)  : 1.0 or less 
Sulfide ion    S2-  (mgS2-/l)  : No detection 
Ammonium ion    NH4+  (mgNH4+/l)  : 1.0 or less 
Ionized silica    SiO2  (mgSiO2/l)  : 30 or less 
 
If the water quality does not conform to the JRA-GL-02-1994, the external cooling water 
might react with the piping and rust might form around the solenoid control valve or the 
Heat exchanger. As discussed in section 6.2.2, if rust formed at the solenoid control valve 
plunger, the temperature of the Flourinert liquid cannot be controlled. The whole solenoid 
control valve assembly will need to be replaced and the cooling unit need to be 
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overhauled.  If rust formed in the Heat exchanger, cracks might occur and as discussed in 
section 6.2.1, water contamination will happened.   
 
The countermeasure is to send the external cooling water to a laboratory to be analyzed 
once every 6 months to ensure the water quality does not drop below the standard.  
 
 
6.2.4 Water pressure 
 
External cooling water pressure is very critical for the cooling unit in the test system. As 
stated in the requirement of the external cooling water in Figure 6.8, the minimum 
differential pressure between the supply pressure and the return pressure must be 0.2 MPa 
or more. 
 
Requirement of External Cooling Water 
Temperature     : 7 °C through 20 °C 
Temperature variation    : 1 °C or less per 10 min. 
Flow variation     : 5 %/min. or less 
Pressure      : 0.2 MPa through 0.7 MPa 
Return Pressure     : 0.3 MPa or less 
Note: The return pressure must be at least 0.2 MPa lower than the pressure used to 
supply the cooling water. 
 
 
 
If the external cooling water pressure is not stable, it could cause the cooling unit to 
malfunction, causing the temperature of the Flourinert liquid to fluctuate.  The accuracy 
of the test system might be affected and in worst case, the test system will trip.  
 
The problem encountered that cause the unstable external cooling water pressure is 
trapped air bubble exists in the external cooling water piping. The countermeasure is to 
Fig 6.8 Requirement of the External Cooling Water 
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remove the air bubble from the external cooling water piping by purging the external 
chiller unit. A valve is installed in the external chiller for this purpose. It is recommended 
to perform water pressure check during periodic maintenance of the external chiller. 
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Chapter 7 Implementation Results    
 
The design of the water leakage detection system which incorporates the water level 
detection jig and the water top up check sheet was completed in mid August. The 
evaluation of the water leakage detection system was commenced right after it was 
implemented onto the external chiller.  
 
Three months had past since the evaluation started; the results from this evaluation will 
be discussed in the next two sections. 
 
 
7.1 Reduced Monitoring Time 
 
On 14th August, the water leakage detection system was implemented onto the external 
chiller. Water in the water tank was topped up to a marked height of 400 mm from the 
base of the water tank. Data was recorded onto the water top up check sheet.  
 
The water level detection jig alarm was activated once on 20th November. It was due to 
the water level in the water tank drop to below 100 mm. Water was again being topped 
up to the marked height in the water tank. The water top up data was recorded in the 
check sheet as shown in figure 7.1. 
 
In the remarks column of the check sheet shown in figure 7.1, it is written “ Water Top 
Up” , no suspect of water leakage. The reason is due to the difference between the date of 
the current water top up and the previous water top up is more than three months; this 
implies that the water reduction rate in the water tank is normal, only due to water 
evaporation and water usage in the cooling system.   
 
 
 
 
7.1 
  
 
 
Water level monitoring by user was not required for the duration of the three months of 
evaluation. The water leakage detection system had resolved one of the problems that 
were discussed in section 2.  
 
As discussed in section 2.2, the procedure to perform the water level monitoring is very 
tedious and time consuming. One man was required to set up a foldable three step ladder, 
climb on top of the ladder and measure the water level with the use of a measuring tape 
and return the ladder to store room after use.  
 
The time taken to perform the water level monitoring per day is approximately 10 
minutes. It was a requirement to perform the check daily and the total number of hours 
spent to monitor the water level in the water tank for a year was approximately 60.8 
hours.  
 
With the implementation of the water leakage detection system, the total number of hours 
for monitoring the water level for a year is reduced to zero. The method in the monitoring 
Fig 7.1 Water Top Up Check Sheet Data 
7.2 
of the water level is changed from human approach to automated alarm system; hence the 
implementation of the water leakage detection system also eliminates the previous 
tedious checking method. With the time reduction in monitoring the water level, the total 
cost saving for a year will be $9728 as calculated in section 2.2.2.   
 
 
7.2 No System Trip Encountered 
 
As discussed in section 2.3, another problem that might occur prior to the implementation 
of the water leakage detection system is test system trip due to water leakage in the 
cooling system.  
 
If there is a water leakage somewhere in the cooling system, the water level in the water 
tank will drop until no more water can be supplied into the cooling system. This will 
cause the test system chiller unit to malfunction, temperature of Flourinert liquid will 
increase and finally the test system will trip. The time taken to recovery the test system 
will be very time consuming, not including the cost of failure board replacement.  
 
There is no water leakage detection previously. To prevent the water to run dry in the 
water tank, one man was required to monitor the water level at a daily basis. Water was 
topped up into the water tank whenever the man thinks it is necessary. There was only 
one guideline in monitoring the water level, “ Top up water when the water level is below 
the 200 mm mark” . There is still a risk of system trip if the water leakage is massive, the 
water might run dry in a single day. 
 
With the implementation of the water leakage detection system, user should be able to 
detect water leakage in the cooling system at the early stage with the use of the water top 
up check sheet and hence remedy the water leakage before it gets serious.  
 
For the duration of the evaluation of the water leakage detection system, there is no water 
leakage encountered. 
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In conclusion, the results from the evaluation of the water leakage detection system are 
good. The water leakage detection system was able to attain the objective of monitoring 
time reduction and prevent problems, like system trip from occurring.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.4 
Chapter 8 Conclusion 
 
There are two main objectives that this project is required to fulfill, they are as follows,  
 
1. To reduce the water level monitoring time; 
2. To detect water leakage in the cooling system before test system trips. 
 
As mentioned in section 7, the water leakage detection system has cut down the water 
level monitoring time to zero and it is able to detect water leakage during every water top 
up. 
 
 In conclusion, the water leakage detection system has satisfied all the objectives set out 
and the following is the development cost for the water level detection jig, 
 
Cost Work Sheet for the Water Level Detection Jig 
Item No. Description Unit Cost 
(S$) 
Total Cost 
(S$) 
1 High Visibility Flashing Xenon Beacon 77.00 77.00 
2 12 Volts 13000 mAh Battery 56.00 56.00 
3 Bare PCB ( 300mm x 200mm ) 11.00 11.00 
4 Latching Type Relay 14.00 14.00 
5 Enhancement N-Channel MOSFET 1.50 1.50 
6 Diode 0.50 1.00 
7 Resistor ( 270 Kohms & 750 Kohms ) 0.50 1.00 
8 Two-position Selector Switch 13.00 13.00 
9 Push Button Switch 10.00 20.00 
10 Bronze Pipe ( 1m ) 5.00 5.00 
11 Normally Closed Float Sensor 50.00 50.00 
12 Omron Timer Counter 78.00 78.00 
13 Metal L-Shaped Bracket  15.00 15.00 
14 Control Box Casing                                    
( 150mm x 100mm x 200mm ) 
23.00 23.00 
Total Cost of Jig 365.50 
 Table 8.1 Total Cost of the Water Level Detection Jig 
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From previously 10 minutes per day of monitoring time, the water leakage detection 
system had reduced the monitoring time to zero per day; that means a saving of 60.8 
hours per year, which is equivalent to S$9728 cost saving per year. 
 
With the implementation of the water leakage detection system, which costs an estimated 
of S$365.50, it can: 
 
1. Save the user a total of S$9728 per year; 
2. Eliminates the tedious method of checking water level; 
3. Prevent test system trips due to water leakage; 
4. Increase user satisfaction. 
 
 
8.1  Future Development 
 
There can be more improvement and development for the water leakage detection 
system. Current water leakage detection system can detect water level low in the water 
tank and can detect water leakage in the cooling system during every water top up.  
 
If given more time and a bigger budget, the water leakage detection system could be 
developed into a fully automatic leakage detection system with the use of Programmable 
Logic Controller (PLC). The use of water top up check sheet could be omitted.  
 
With the use of the PLC, the water level could be monitored daily and if water level 
drops more than 5mm per day, then an alarm may be activated to alert user that a water 
leakage is present. This could help to detect water leakage at its earliest stage. Then user 
can immediately remedy the leakage before any other problem can surface.  
 
If possible, the PLC could be link to the Toilet Flush System as mentioned in section 
4.1.1; when the water level drops to low level without activating the leakage alarm, the 
PLC could activate the Toilet Flush System to top up the water to its full level in the 
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water tank. This will further eliminate the necessity of topping up the water by user. The 
water leakage detection system could then be termed as a fully automated system 
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Appendix B-1: 
 
     Exploded view of the Engineering Work Station 
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Appendix B-2: 
 
   Data Collection from the Actual Water Tank 
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No. Day Date 
Level 
(mm)  No. Day Date 
Level 
(mm) 
1 1 03-Apr 380  15 50 22-May 232 
2 4 06-Apr 367  16 53 25-May 223 
3 8 10-Apr 358  17 57 29-May 213 
4 11 13-Apr 349  18 60 01-Jun 202 
5 15 17-Apr 332  19 64 05-Jun 186 
6 18 20-Apr 327  20 67 08-Jun 181 
7 22 24-Apr 317  21 71 12-Jun 171 
8 25 27-Apr 304  22 74 15-Jun 163 
9 30 02-May 287  23 78 19-Jun 150 
10 32 04-May 282  24 81 22-Jun 136 
11 36 08-May 278  25 85 26-Jun 126 
12 39 11-May 263  26 88 29-Jun 121 
13 43 15-May 250  27 92 03-Jul 108 
14 46 18-May 245  28 95 06-Jul 94 
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Appendix B-3: 
 
               Data Collection from the Pail A near the Water Tank 
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No. Day Date 
Level 
(mm)  No. Day Date 
Level 
(mm) 
1 1 03-Apr 280  15 50 22-May 176 
2 4 06-Apr 272  16 53 25-May 169 
3 8 10-Apr 267  17 57 29-May 157 
4 11 13-Apr 260  18 60 01-Jun 150 
5 15 17-Apr 247  19 64 05-Jun 140 
6 18 20-Apr 243  20 67 08-Jun 136 
7 22 24-Apr 234  21 71 12-Jun 129 
8 25 27-Apr 229  22 74 15-Jun 120 
9 30 02-May 220  23 78 19-Jun 115 
10 32 04-May 211  24 81 22-Jun 105 
11 36 08-May 203  25 85 26-Jun 95 
12 39 11-May 196  26 88 29-Jun 85 
13 43 15-May 187  27 92 03-Jul 81 
14 46 18-May 183  28 95 06-Jul 75 
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Appendix B-4: 
 
                Data Collection from the Pail B away from the Water Tank 
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No. Day Date 
Level 
(mm)  No. Day Date 
Level 
(mm) 
1 1 03-Apr 280  15 50 22-May 196 
2 4 06-Apr 275  16 53 25-May 193 
3 8 10-Apr 265  17 57 29-May 187 
4 11 13-Apr 261  18 60 01-Jun 183 
5 15 17-Apr 257  19 64 05-Jun 174 
6 18 20-Apr 254  20 67 08-Jun 170 
7 22 24-Apr 244  21 71 12-Jun 161 
8 25 27-Apr 237  22 74 15-Jun 156 
9 30 02-May 233  23 78 19-Jun 152 
10 32 04-May 228  24 81 22-Jun 148 
11 36 08-May 220  25 85 26-Jun 138 
12 39 11-May 213  26 88 29-Jun 131 
13 43 15-May 210  27 92 03-Jul 127 
14 46 18-May 206  28 95 06-Jul 123 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B.8 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix B-5: 
 
             Data sheet for Xenon Alarm 
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Appendix B-6: 
 
         Data sheet for the N-Channel MOSFET 
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Appendix B-7: 
 
                                                     Data sheet for the Latching Relay 
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Appendix B-8: 
 
               Data sheet for the 12 Volts Battery 
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Appendix B-9: 
 
                                                    Water leakage check procedure 
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Advantest (Singapore) Pte. Ltd, 438A Alexandra Road, #08-03/06, Alexandra   Technopark, Singapore 119967. 
Main line : 62743100,  fax line : 62744055. 
Water Leakage Check Procedure (Rev 2) 
Date Checked      :  
Water Level Detection Jig Timer Counter  :      
Checked By     :    
************************************************************************************** 
Necessary Tools:  
	

	


01) Adjustable Wrench  
02) Floor Board Removal Tool 
03) Waste Cloths 
04) Containers/bottles 
05) Chiller Wiring/Schematics Diagram  
06) Chiller Moisture Perception Alarm Recovery Manual 
************************************************************************************** 
No. Item Inspection/Countermeasure Record Remark
s 
01 Check Moisture Perception Alarm on 
T5586 Test System 
If activated, stop all action 
and remedy the problem 
using the Chiller Moisture 
Perception Alarm Recovery 
Manual 
 5mins 
02 Check water pan in Chiller of T5586 Test 
System 
If water is found in the water 
pan, perform  
Check Item No. 03 
 5mins 
03 Determine leak point using Chiller 
Schematics Diagram 
Remedy leak point  20mins 
 04 Check incoming water coupling in the 
Chiller of T5586 Test System 
Use Adjustable wrench to 
remedy the leakage if any 
 5mins 
 05 Check Moisture Perception Alarm on 
T5377S Test System 
If activated, stop all action 
and remedy the problem 
using the Chiller Moisture 
Perception Alarm Recovery 
Manual 
 5mins 
06 Check water pan in Chiller of T5377S Test 
System 
If water is found in the water 
pan, perform  
Check Item No. 07 
 5mins 
07 Determine leak point using Chiller 
Schematics Diagram 
Remedy leak point  20mins 
08 Check incoming water coupling in the 
Chiller of T5377S Test System 
Use Adjustable wrench to 
remedy the leakage if any 
 5mins 
09 Check Moisture Perception Alarm on 
T2000 Test System 
If activated, stop all action 
and remedy the problem 
using the Chiller Moisture 
Perception Alarm Recovery 
Manual 
 5mins 
10 Check water pan in Chiller of T2000 Test 
System 
If water is found in the water 
pan, perform  
Check Item No. 11 
 5mins 
11 Determine leak point using Chiller 
Schematics Diagram 
Remedy leak point  20mins 
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12 Check incoming water coupling in the 
Chiller of T2000 Test System 
Use Adjustable wrench to 
remedy the leakage if any 
 5mins 
13 Open up the Floor Boards using the 
Removal Tool and check any puddles of 
water on the floor along the pipelines 
If puddle of water is found 
near the pipelines, perform 
Check Item No.14 
 30mins 
14 Inspect the piping for leakage Check for any cracks in the 
piping and remedy 
 10mins 
15 Clean up all leakage water with cloth and 
container 
Check no puddle of water 
lying around 
 10mins 
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Appendix B-10: 
 
                                         Flourinert Material Safety Data Sheet (MSDS) 
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